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0 Blood-purlfylng equipment 

0 The blood is passed through a haemofiKration 
eiemertt (2) and a haemodlalysls element (3) In 
cascade and the uttrafiltrate (7) output from the 
haemofiltration element (2) is passed through a filter 



RG. 1 



(11) such as an activated cartron filter, preferably 
with uncoated activated carbon. The ultr afi ltrate thus 
purified can then be used as a relnfiislon solution (6) 
to be readministered to tiie patient 
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The present invention relates in general to the 
purification of tHood, for example. In patient^ suffer- 
ing from renal insufficiency. 

In- this connection, the solution according to the 
present invention constitutes a development! of the 
solution descrit)ed in Kalian utility model No. 
198528. 

In this prtor-art solution, which has had consid* 
erabie clinical success, the t>lood to be purified is 
passed ttvough a haemofiltration element and a 
haemodialysis element which are interconnectBd in 
series (tn cascade) with respect to the blood flow. 

In both elements, the blood to be purified is 
brought into contact with membranes which have 
certain degrees of permeability as regards the toxic 
substances to be eliminated. The toxic sut>stance3 
can pass through the membrane by two distinct 
physical processes, that is to say, by diffusion or 
by convection. 

In the hasnuxlialysts element the dominant 
procQSs is diffusion. In fact haemodialysis is car- 
ried out with membranes constituted, for example, 
by the material known by the trade name of 
"Cuprophan" or the Hke and with a circuit In whicli 
the blood to be purified passes along one side of 
the membranes and a washing solution passes 
along the other side. The membranes used have 
high diffusion coeffidents for small molecules, such 
as those of urea, and tow diffusion coefficients for 
medium-large molecules (molecular weights great- 
er than 1000). Their ultrafiltration coefficients are 
low. The purification achieved by haemodialysis in 
the patient under treatment is good as regards urea 
but poor as regards toxic substances with medium- 
high molecular weights and there is a limited loss 
of body weight 

The dominant process in the haemofiltration 
element is convection. In fact haemofiltration is 
effected with very porous synthetic membranes 
and with a blood-flow circuit which creates a pres- 
sure gradient through the membrane (cunrently 
known as the TMP) and eliminates the uhrafiltrate 
without the need to use a washing sokition. Large 
quantities of fiquid are therefore eliminated (about 
20-30 litres during a complete treatment) and both 
the small and the medium-targe molecules are 
entrained therewith. In order to compensate for the 
excessive loss of water, it is therefore necessary 
continuously to infuse solutions of a suitable com- 
position into the patient's blood so as to achieve 
the desired final loss of txxly weight 

Combined purifying techniques also exist such 
as that known as haemodiafiltration whicii is com- 
parable to a combination of the haemodialysis and 
haemofiltration techniques described above and is 
carried out with membranes similar to those used 
in haemofiltration. Structurally, this technique Is 
comparable to haemodialysis but. as a result of the 



greater permeabifity of tfie membrane used, the 
ultrafiitralfon is more significant (although less than 
that which occurs in haemofiltration) and it is thus 
also necessary to infuse a solution of suitable com- 

5 position into the bkiod to compensate for the toss. 
The solution of the aforesaid utility model 
198528 is based on a combined haemodialysis- 
haemofiltration technique and has some consider- 
able advantages, such as the fact that the two filter 

10 elements can be controlled separately. In fact, the 
haemodialysis element is connected to nomial 
haemodialysis equipment with a low or zero TMP. 
The haemofiltration element however, is associ- 
ated with a btoocl-flow circuit which establishes the 

15 TMP on the basis of the quantity of ultraflltrate 
desired. 

The solution of suitable composition which 
compensates for the eccessive te»ss of body weight 
in the patient can be infused at a point in the 

20 btood-flow circuit Iptermedlate the two filters. Thus, 
a precise equliitxfum of the concentrations of salts 
in the purified blood and In the washing solution 
can easily be established in the haemodialysis 
element whk:h is usually situated downstream. In 

25 fact tons (sodium, potassium, etc..) are exchanged 
easily t}etween the bkxxj and the washing solution 
through the membranes of the liaemodialysis ele- 
ment In haemofiltration and haemodiafiltration 
equipment however, it is much more difficult to 

30 achieve a precise control of the salt concentrations 
in the blood which is returned to the body after 
purification. 

Rnally, the overall efficiency of the combined 
haemodlalysis-haemofiltration equipment is very 
35 high. 

The need to infuse a solution of suitable com- 
position to compensate for the loss of body weight 
caused by the convection which dominates in 
haemofiltration, however, creates objective difficul- 

40 ties of an operational nature. 

As well as obvious problems of cost and stor- 
age as far as the structures for treating kidney 
disease are concerned, the Infusion of the solution 
is not without a risk of pyrogente effects and ttie 

45 Bke. Moreover, in any case, there is a certain 
difficulty in ttie precise regulation of the electrolytic 
characteristics of Uie compensation solution in or- 
der to prevent disequilibrium when it is relnfused 
into the patient's body. 

so The object of the present invention is to pro- 
vide means which solve the aforementioned prob- 
lems in an ideal manner without foregoing the 
advantages of tiie combined haemodlalysis- 
haemofiltration technique described above. 

56 According to the present invention, this object 
is achieved by virtue of equipment and a metiiod 
having tiie characteristics claimed specifically in 
tiie claims which follow. 
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The invention will now bo described with refer- 
ence to the appended drawings* In which: ' 

Figure 1 shows the structure of equipment ac- 
cording to the invention In diagrammatic form, 
and I 
Rgures 2a, 2b. 3a and 3b are graphs showing 
the efficiency of the purification which can be 
achieved according to the invention. 
In the drawing, equipment for purifying blood 
by a combined haemodiaJysis-haemofiltration tech- 
nique is generally indicated 1. 

Essentially, the equipment 1 comprises a 
haemofiltration element 2 and a haemodialysis ele- 
ment 3 which are arranged in series (in cascade) 
with respect to the flow of liquid between an inlet 
connector 4 and an outlet connector 5 for connect- 
ing the equipment in a flow-line which draws blood 
to be purified from the patient's body and subse- 
quently returns the purified bk)od to the patient's 
body. 

For a more detailed description of these ele- 
ments reference may usefully be made to the 
Italian utility model No. 198528 dted above and to 
the technical solutions claimed therein. 

This also applies to the arrangement of a tubu* 
iar duct 6 which interconnects the elements 2 and 
3. actually integrating them in a single device. 

In brief, the blood to be purified, which is 
introduced into the haemofiifration element 2 
through the inlet connector 4. passes into the duct 
6 after haemofiltration and thence into the 
haemodialysis element 3 which is situated down- 
stream with respect to the flow of liquid and ou^ 
puts the purified blood through the outlet connector 
5. 

The ultrafiltration products (the ultrafittrate) re- 
sulting from the action of the element 2 are output 
therefrom through an outlet connector 7. 

A connector 8, however, enables a relnfusion 
solution of suitable composition to be introduced 
into the duct 6 so that it can pass into the 
haemodialysis element 3 in order partially or wholly 
to compensate for the losses caused by the uttrafih 
tration. According to the present invention, this 
solution is produced by the regeneration of the 
ultrafiltrate by criteria which will be described fur- 
ther below. 

According to a widely-known solution, however, 
inlet and outlet connectors, indicated 9 and 10 
respectively, are provided for the passage of the 
washing solution for carrying out the haemodialysis 
process in the element 3. 

Essentially, the present invention is based on 
the realisation that the ultrafiltrate withdrawn from 
the outlet duct 7 of the element 2 can be regener- 
ated by its being passed through a filter (a regen- 
erator element) 11 so that It can be used as an 
infusion solution. In the prior art. on the other hand. 



this solution, which is prepared pharmaceuttcally. is 
taken in from outside. 

More precisely, the ultrafiltrate output through 
the connector 7 is supplied to the filter 11 through 

6 a pump 12. The pump has a discharge connector 
13 for discharging some of the ultrafiltrate to the 
outskle should this be necessary for various rea- 
sons (for example, at the start of the purification 
cycle, etc.). The ultrafiltrate drawn off through the 

10 connector 13 is collected in a discharge container 

V. 

A container, irtdicated 14. is intervjed to contain 
electrolytic solutions and/or buffer solutions which 
may be pumped by a pump 16 through a duct 15 

15 opening Into the line leading to the connector 8 so 
as to be added to the regenerated ultrafiltrate out- 
put from the filter 11. 

instead of being sent to the line 15 whk:h ends 
upstream of the haemodialysis element 3 with re- 

20 spect to the ftow of liquid, the solution In the 
container 14 may be sent through a llrte 18 which 
opens downstream of the element 3 before the 
purified bkxxj is returned to the patient's body. 
This also applies to the arrangement of any so- 

25 called "buffer free" system 18 for the administra- 
tion of electrolytes and buffer solutions downstream 
of the entire haemofiltration-haemodialysrs unit. In 
this case, this takes place through the line 17. 
In the solution according to the invention, the 

so ultrafiltrate which is produced by the pressure gra- 
dient during the passage of the blood through the 
element 2 and contains solutes with medium-high 
molecular weights Qndudir^ beta-2-mlcrogiobulln) 
is regenerated by Its passage through the filter 11. 

35 In the embodiment preferred at present this is 
constituted essentially by a cartridge of coated or - 
even better - uncoated activated carbon which can 
retain the solutes contained in the ultrafiltrate by 
adsorption. 

40 The filter 1 1 may, to advantage, be constituted 
by an (uncoated) carbon haemoperfusion cartridge 
which has been sold for several years under the 
trade name of Detoxyl 2 by Sorin Biomedica S.p.a. 
of Saluggia (Vercelli). Italy. 

4S The ultrafiltrate thus purified can then be used 
as a reinfusion solution and readministered to the 
patient 

The very heavy solute molecules thus undergo 
the following process: 
so - removal from the blood by haemofiltration. 
• purification by adsorption on carbon. 
- administration to the patient in purified form. 
An "endogenous" replacement liquid contain- 
ing electrolytes and bicarbonates can be produced 
55 and. with obvious advantages, can replace the 
"exogenous" physiological electrolyte solution 
(normally prepared pharmaceutically) used In the 
prior art 
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The adsorption is effected on uttraflKrate which 
has no red corpuscles, white corpuscles* (Statelets, 
ffbrinogen. proteins, etc. Thus, the t>iocompatibility 
problems which activated cartxxi has shown to- 
wards blood in the past do not arise In the ^lution 5 
according to the invention. These problems have 
lead some people to propose the use of filter 
cartridges which have activated carbon coated with 
various materials (coltodlon. etc.) but with final re- 
sults which canrKM be constdered eatisfactDry. ro 

Activated (uncoated) cartx)n shows an excellent 
ability to adsorb the solutes contained In the ultra- 
filtrate, particularly as regards beta-2-microglobuiin 
and myoglobin (molecular weights of about 20,000 
daltons). 15 

In any case, the risic of active carbon granules 
being administered to the patient as a result of ttie 
reintroduction of the purified ultrafiltrate can be 
eliminated by a filter element of suitable porosity 
which may be constituted, for example, by a sim* 20 
pie gauze assodated with the output of the filter 
11. Such a fitter is normally provided in the Detoxyl 
product mentioned above. 

In general, the acfivated carbon of the filter 11 
Is produced from various natural substances 25 
(lignite, anthradte. peat, petroleum, etc.) which 
have undergone oxidation treatments which give 
them good adsorption capabilities. The final prod- 
uct Is in the fdnn of microgranutes. each of which 
has a multitude of minute channels opening in 30 
conresponding pores on its surface. The contact 
surface developed by virtue of this structure is very 
large, up to 1000 m^ per gram of carbon. The 
molecules are adsorbed by physico-chemical 
mechanisms consisting essentially of the trapping 35 
of the molecules in the channels. The adsorption 
spectrum of activated cart)on extends to sub- 
stances with molecular weights of between 100 and 
20.000 daltons. The maximum adsorption Is of mol- 
ecules with weights of between 300 and 1500 dal- 4o 
tons, Identified dlnlcaily as 'medium molecules'*, 
which are present in abnonmai quantities in uraemic 
patients and are incompletely removed by the dia- 
lysis membrane (element 3) by diffusion mecha- 
nisms. 45 

As already stated, activated carbon in the form 
described must be considered to have poor 
biocompatibility and thus to have very poor 
haemocompatibility. In fact, in contact with the 
blood. It causes depletion of the erythrocytes, so 
platelets, white corpuscles, fibrinogen and other 
substances of biological value. Moreover, in cir- 
culation, it releases microembolisms which cause 
rigor, fevers and the accumulation of caritwn in the 
reticuloendottieilal systems of the patients. ss 

For these reasons, activated carbon was used 
sporadically for haemoperfusion until the 60s when 
Chang proposed and canled out a method of coat- 



ing the individual granules with a polymer based on 
albumin and cellulose (collodion). The coatings 
most generally used are albumin, cellulose and 
methacrylate. Although, on the one hand, these 
coating systems provide tiie activated cart>on with 
good biocompatibility. on the oUier hand, they re- 
strict its adsorption capabiiities since Uie coating 
film restricts the passage of solutes with high mo- 
lecular weights and above ail of beta-2-micro- 
globulln whose accumulation in the body a uraemic 
patient, has great importance in detennining the 
typical pattiology of a haemodialysed subject 
(amyloidosis). 

From this point of view, therefore, the present 
invention goes against the general opinion In the 
art by proposing the preferential use of uncoated 
activated cartwn to form tfie filter 11. This is t>e- 
cause the filter is not brought into direct contact 
with the biood but on the contrary. Is only in 
contact with the haemoflltrate output from ttie ele- 
ment 2, 

The advantage of the use of this solution is 
shown spedficaily by tiie graphs of Figures 2a. 2b 
and 3a. 3b which show the percentage adsorption 
of solutes with high molecular weights (typically 
myoglobin - Rgures 2a and 2b - and vitamin B12 • 
Figures 3a and 3b) as functions of ttie treatment 
time t (in minutes). Each graph shows the variation 
in ttie concentration of the solute (in mg/1) at ttie 
input (continuous line) and at the output (broken 
lines) of the filter element 1 1 respectively. The data 
relate to a constant flow Quf of 50 ml/mlnute of 
solution (in vitro). Rgures 2a and 3a show ttie data 
relating to the use of a coated caxbon filter (300 g). 
such as ttie filters sold under the trade name 
Emoadsorb by Biotech International of Bologna- 
Italy. Rgures 2b and 3b. however, show ttie results 
obtained with an uncoated activated carbon fitter 
(Detoxyl 2 - 85 g). The considerable advantages 
resulting from ttie use of uncoated activated carbon 
can readily be appredated from ttie graphs. 

Naturally, ttie principle of ttie invention remain- 
ing the same, the details of construction and forms 
of embodiment may be varied widely witti respect 
to ttiose described and illustrated, without ttiereby 
departing from the scope of the present invention. 
This is particularty true of the criteria for the con- 
struction of the filter 1 1 which may even be formed 
according to solutions different from those de- 
scribed, for example, witii ti^e use of a filter ele- 
ment ottier ttian a carbon filter element for exam- 
ple, a filter operating by reverse osmosis, etc. 

Claims 

1. Equipment for purifying blood by removal of 
harmful substances contained therein, includ- 
ing at least one filter element (2) ttirough which 
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the flow of blood to be purified is intended to 
pass to effect a purification step by convection 
with the fbnnation of a quantity of ultrafiltrate 
which is removed fronn the flow <7) and in- 
cludes the said substances, and compensation 
means (8, 17) for introducing into the blood 
flow an infusion solution for compensating, at 
least partiatly. for the quantity of ultrafiltrate 
removed, characterised in that it includes a 
regenerator element (11) which Is interposed 
between the filter eiement (2) and the com- 
pensation means (8, 17) so as to act on the 
ultrafiltrate to remove said sut)stances there- 
from, whereby, after the removal of said sub- 
stances, at least some of the ultrafiltrate can 
be used to make up the infusion solution. 

2. Equipment according to Claim 1, characterised 
in that It includes a furtfier filter element (3) 
which Is arranged in series with the filter ele- 
ment (2) with respect to the flow of liquid and 
through which the flow of blood to be purified 
is intended to pass to effect a purification step 
by haemodiaiysis, and in that the compensa- 
tion means (8) are located between the filter 
element (2) and the further filter eiement (3). 

3. Equipment according to Claim 1, characterised 
in that it includes at least one further filter 
element (3) through which the blood flow is 
intended to pass to effect a purification step by 
haemodiaiysis. and in that the compensation 
means (17) are arranged downstream of the 
furtiier fitter element (3) with respect to the 
flow of liquid. 

4. Equipment according to Claim 2 or Claim 3, 
characterised in tinat the further filter eiement 
(3) is downstream of the filter element (2) with 
respect to ttie flow of liquid. 

5. Equipment according to any one of Claims 1 to 

4, characterised in tttat discharge means (13) 
are assodatad witii the filter element (2) for 
selectively discharging at least a fraction of ttie 
ultrafiltrate from the equipment (V). 

6. Equipment according to any one of Claims 1 to 

5, characterised in that supply means (14. 16, 
18) are associated with the compensation 
means (8, 17) for supplying a further quantity 
of infusion solution to be added to the ultrafil- 
trate output from the regenerator element (1 1). 

7. Equipment according to any one of tfie pre- 
ceding claims, characterised In ttiat the regen- 
erator element (11) is a filter. 



8. Equipment according to Claim 7. characterised 
in tiiat the filter works by reverse osmosis. 

9. Equipment according to Claim 7, characterised 
5 in that the filter (1 1 ) works by adsorption. 

10. Equipment according to Claim 7 or Claim 9. 
characterised In that tiie filter (11) is an ac- ' 
tivated carbon filter. 

10 

11. Equipment according to Claim 7 or Claim 9. 
characterised in that an auxiliary filter is asso- 
ciated witii ttie filter (11) for retaining any frac; 
tions of tiie material constituting ttie regenef^^ 

75 tor element (11) which may be entrained by 
ttie ultrafiltrate. 

12. Equipment according to Claim 10. characteris- 
ed in ttiat ttie filter (11) Is a coated cart)on 

20 filter. 

13. Equipment according to Claim 10, characteris- 
ed in tiiat the filter (11) is an uncoated cart)ori 
filter. 

25 ; . , 

14. Equipment according to any one of the pre- . 
ceding claims, characterised in that the regen- 
erator element (11) is Intended primarily to 
remove sut)stances with molecular weights of 

30 between about 100 and about 20.000 daltons, 
preferably between at>out 300 and about 1500 
daltons, from ttie ultrafiltrate. 

15. A metiiod of producing a quantity of an infu- 
3S sion for compensating, at least partially, for a 

quantity of uitrafittrata obtained from a quantity 
of blood by a haemofiltration purification step, 
in which the ultrafiltrate transports harmful sub- 
stances to be removed from the blood, charac- 

40 terised in that it includes tiie step of subjecting 
the ultrafiltrate to regeneration (11) to remove 
said substances therefrom so that, after the 
removal of said substances, at least some of 
ttie ultrafiltrate can be used to make up tiie 

45 infusion solution. 

16. A method according to Claim 15, characterised 
In that it includes a haemodiaiysis purification 
step (3) effected on the blood after (8) com- 

60 pensation by the Infusion solution. 

17. A method according to Claim 15. characterised 
in tiiat it includes a haemodiaiysis purification 
step (3) effected on the quantity of blood bo- 
ss fore (17) compensation by the Infusion solu- 
tion. 

18. A metiiod according to any one of C^ms 15 
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to 17. characterised In that ft (ndudes the step 
of selectively discharging (V) at least a' fraction 
of the ultrafiltrate before the regeneration step 
(11) is carried out 

19. A method according to any one of Claims 15 
to 18, characterised in that it includes the step 
of adding (14, 16. 18) a further quantity of 
infusion solution to the ultrafiltrate after the 
regeneration step (1 1) has been carried out io 

20. A method according to any one of the preced- 
ing Claims IS to 19. characterised in that the 
regeneration step is carried out by filtration 
(11). « 

21. A method according to Claim 20. characterised 
in that the filtration (11) is carried out by re- 
verse osmosis. 

20 

22. A method according to Claim 20, characterised 
in that the filtration (11) is carried out by ad- 
sorption. 

23. A method according to Claim 20, characterised 25 
in that the filtration (11) tatces place through 
activated carixm. 

24. A method according to Claim 23. characterised 

in that coated cartwn is used. so 

25. A method according to Claim 23, characterised 
In that uncoated cartxsn is used. ' 

26. A method according to any one of the preced- 35 
ing Claims 15 to 25. characterised In that it 
includes the step of removing primarily sub- 
stances with molecular weights of between 
about 100 and about 20,000 daltons, preferably 
between about 300 and about 1500 daltons, 4o 
from the ultrafiltrate. 



56 
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